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<g A] 71 71 14. WVl -B-^^>^ ^^^^ ^^l^H ^#^1^ 3:71 7H3l-» -a-£^>^ «j-^'Hl ^t!- ^<^1 
^. ^ ^'^'Hl^i ^5^^ Z^CKZ -B-^^> ^ ^7l -^^;^>s.-?-Bl ^^£1^ LOVl ^M:^ 

ym 7flA] ^ Al--^lollA^ 711SI- Al7l -^^^}^ -^ofl -B-§-*>7fl ol-g- 

^ ^ SlCf. at!-. ^ '^^^] ttfe} ^1-^1^ 7]]2}.Al7l# #^^0.^^ j^X\7^ Ufl 

<H1 ^S-a-^MM- ^#^15^ 7fl^Al7ll- ^ISlAl?^ -^£^O.^Ml 

S. 11 

7llil-Al7l 2:^. -a-^^> 
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7flSl-Al7] -e-^^> ^ o]-g-^ Ai^o^ 7m^]y] yj-i^ {Gene 

controlling flowering time of plants and method for manipulating flowering time of plant 
using the same} 



IE la^ ^Hl^i 27M ^'a- ^flafltb -^B^l^tH o>>:5^3il. /oW-iZ? l-"?!^^!^! o;) 
•^WA- <=']|7l^cfl o>Aj^_ B: /oW-ii? 1-<?1^<>1^1). 

£ Ib^ <='fl7l^J-t:fl <^>^J^2f Jovl-ID ^<^^o]^cri ;g.z]- w]^^ ^}^<^mA- «^ll7l^J-cfl 
'^M ^ , B : lovl-lD 1-^ ^ o] ^1) . 

£ 2^ /oKi-iZ? 711^ tflS. T-DNA ^^l* i4^\E 2-^£.om(RB: 
T-DNA^ ^/^jig, LB: T-DNA^ -S^ ^Tj]^). 

£ 3^ ^ 7flSl-Al7l -a-^^> Z:^?Fi<^l^i NAC :£ 1^1^:4 NAM, CUCl ^ ^ 

S 4^ <^ll7l^tH c)>>^S^^ lovl-lD ^'^'>^o]^<^]^^ LOVl -^r^A^ ^5.* 1-^ ^ 

^^S. SA>*V ;ga!l-oli^, 25S rRNA^ qls^(internal controDol^f. 

JE. 5^ LOVl ^SSE-l^ GUS -S-^ ^Sl-* i^^]-^ ^112:^ pCAMBIA3200 

9\ q-B^-^a S.^^I£olcf(F: R: BL: ^A"^, BR: ^^"^ 

) 
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^^]^, 25S rRNA^ internal control )oli:+(B: F: ^, Si: ^>2]-, St: #7], CI: 

L: S^Si, R: TBI). 

£ 7a^ I(9KZ H5.2.E-lsq- GUS -g-^ ^^^«r^l^ #7] S 

^ ^ ^ %7]2^^<A]^^ GUS%^^^ ^^tb ^^<^lt:f(A: B: ^^<>^5^d-7l ^#^1^ # 

7l Si ^71^2], C: 15*^^ sl^ ^1-^1^ #7l D: ^ 

3:^^ E: ^ 2:2]^ SA: #7] ^^(shoot apex), LP: S2 ^7] 

(leaf primorida), SAM: #7] S^Cshoot apical meristem), ^i?ll<y 

10/an<^lcf). 

£ 7b^ Z6>Fi SS-iiE-lsil- GUS -g-^ n^Sl-o] ^^^^^1^ 3: 

^, ^^S^^^^ (axillary meristem) ^ tifl a171S] (;^/5 ^^tb ^4<^li=l-(A: 

§1 B:.^T=^ S^l. C: lifl ^^5, wfe SOA^mojcf). 

S. 7c^ LOVl ^S^RM^ GUS^^A -§-^ =^^%<'] S.""^^ ^^^^^Hl-^i ^^fo]] tc|- 

€■ ^^t!" ^4*^14(A: 20^, B: 21"^, C: 23'^, D: 25^, E: 27<a, F: 29<a , G: 

31^, H: 33*^. I: 35<a. J: 37'^, K: 40^). 

£ 8^ <^l]7l^l-i:fl ^>^5^4 lovl-lD #7] ^ ^4 ^^S* *fl^ ^t^I^^ 

S ^#tl: «^fl7l^cfl o>Ag^, B: /oKi-iZ? #<a^ol^1 , :^?11<a 20jOT<:>]xil-) . 

S. 9^ <^ll7l^cfl <:>>^5^3z}- lovl-lD ^<^^^]^]^ ^^-i: ^11-?- ^i^l^g^S. 
^\^<^Wk, B: <:>>^5^, C. D: <^M5^:Bf a\7]Q\ lovl-lD , E. F: /oW-iZ? 
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l-<g^ol^loiiAi u)-^oil oi^ A, C, E: £^7il ^^2] B, D, F: ^^2] ^ 

^?fl*a 20/miolt:f). 

H 10^ <^ll7l^cfl «^>>^|^2}- Jovl-ID LOVl, AGL20 % FLC -^r^A^ 

» i^ia ^^tb 25S rRNA^ cflS5-( internal control )<i1cl-. 

H 11^ ^ 'i-^<H]-^i ^e]€ /,(9Fi .4^^^? ^ FLC9\9] ^s. ^^^^^ M-Bf-a -S.<^iEoi 

<15> ^ «Vx^ o. ^^o^ 7fl^Al7l -^^^> ^ oil- o]^^V 711 21- A] 7] ^^^^] 

^olcf. ^uf ^^l3^o.s, ^ ^^-^ <>'^7]^t^{Arabidopsis thai iana)S.^^ ^el€ ^#^1 

7ilsi-Ai7l -H-^^} ^ -B-^;^V1- ^#^Hl^i ^i-i^^^l^ ^#^1^ 71ISI-AI7I1- ^1 

'^^ny^A, LOVl ^^l^H S7l 711 SI-* -H-i^f^ ^J-^^1 ^tl: ^<^1 

<i6> Ai^o^ 7]]s).^ Ai°-o^ ^^^j-o. <^<a:^^^j.(veggtatj^e gj.o^^j^)oi]A-l ^S^>^5^J- (reproductive 
growth) ^]7]S. ^^^1^1^ '^^c.l (phase transit ion)S cfl^^^ ^^-^ y'^^A 

^^tb ^17H1 <a«HM-£^ 7ll^Ai7l» 4^ T^l^^ui*^^ 7|.^lji $X^^, ole^tb 7ll^ 

Al7l ^l5Hul#^ -^#^1 ifl-^o^ -B-^^ ^«tl3!l- S^^o\ ^^6\\ o^«|l cg^^ wl-^Cf 
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(Lang A., Encyclopedia of Plant Physiology, Springer-Verlag, 1371-1536, 1965; Napp-Zinn 
K., In Manipulation of Flowering, London, Buttrworth, 123-132, 1987; Poethig R. S. , 250: 
923-930, 1990). 

oflA^ 7fl^Al7l 2:^3]- 80711^ -^^;^> ;^>B](genetic loci)7l- fi^^^l^Ji, vfl ^^o) 

7llS|-Al7l 2:^ ^S.7\ (Simpson et al., Annu. Rev. Cell Dev. Biol. 15, 519-550, 

1999; Araki T., Curr. Opin. Plant Biol. 4, 6368, 2001). ^ ^S. 

^S-^al ^s^-T-^ (photoper iod dependent pathway, or long day pathway)S-^i c)] 
^S.<H1 -B-^;^>S^ (phytochrome)om- H^£5L# (cryptochrome)^)- 

^^^-§-^111- 'y-^^sr}^ -fr^^Vl:^ 6^/(GIGENTEA) , OXCONSTANS), /^Flowering locus T), FWA 
(Flowering Wageningen), 56ICi(Suppress or of CO overexpression l; AGL20) ^<'\ '^'^A 
(Yaron Y. et al . , The Plant Cell, 10:1973-1989, 1998). ^t!: 7fl^2:^ 

^^(vernalization pathway) S^i , ^^:<^] ^■^<^ nfl 7l]5|-7> ^S. 

<^]^ o] ^S-Sf -B-^^j-^^i i™(Reduced Vernalization Response 1), WWReduced 

Vernalization Response 2), F/?/(Fr igida) , FZdXFlowering locus C) -n-^^>7l- ^S.^^^ 

A.. ^11 ^J-^S^om- ^^s^oll S.^ cg^o. o^^i^ 7^^^ ^>^^ 

(autonomous pathway)^^-! 
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/=(G4(F lowering locus CA), FVE, ZiXLuminidepedens)^!]- ^-Br ■^^^}^<^] ^S-ofl ^<^s:>ji 
ali=f(Yaron Y. et al . , The Plant Cell, 10:1973-1989, 1998). t^M^A^ ^S. ^^^3^:^<^] 
<^*j=^ Dl^l^ ^S.<iH <^7H1^ ^^oi GACgibberellic acid)7> 

o. ^iBfl^^ ^S.7\ $X^. d\ Tgs.^]^ GAl^]^ GAKGk Insensitive), RGAi^Re^ressor of 
gal-3) -B-^^>#<^] ^<^^>Jl SX^ ^A^S. ^JL^^ $X^^, ^S. GA ^m^M 
^^^\^ -B-^^VM- GA ^s.s.o^ ^<^^>^ -^€^>-i-<^l ^] ^S.<^1 ^c'i^VJl $Xt\- 

(Araki T. , Curr. Opin. Plant BioL, 4: 6368, 2001). 

^ ^ ^<^1 ^<^>Sf ^>^^^ ^^<Hl^i ^1^11- ^^A. 

^^^o,S. 7^^^ -^^^m ^7] tifl^^A^(embryogenesis)4 cIlr^H :n.^^ 

^^l7l# #^^0.^-^*1 ^S]. ^^>o^ ^^AV^ c]-Al^ Xflofl ^ ^-^t^, ^^1-^ 7MA171 

^1^ ^ ^fe Jl471- 3XA. 
<i9> n]^^^ 6, 225, 530:^^1^ <^fl7l ^cfl^^Bl ^eltb <!=ll-2l 7llS}-Al7] -R-^^l- FT 

(flowering locus T). ^7] m] 9\^ #5:|^E|:E. ^ FT -^r^A^: *^l-§-*H ^1-^ 

7fl^Al7]l- ^^ar]-^ 7flAl£lcH ^cf. Dl^^^ ^16,444,877:^<H1^ 

Liquidambar styraciflua; Sweetgum)S^B.^ ^e^t]: 7H2}-Al7l 2:^ -H-^^> IiJ^6^ ^ °l-§-tl: 
^1:^ 7flS|-Al7l 2:^ ^^^o] 7BAls)o1 o^^i^. tflt!"!?!^^^ ;^1319395:£<H1 ^ <^fl7l^J-cHo^ A^i^l 
^iTjl ^ 7flS|-Al7l -^^^1- ;^Vol^E^c>(GiGANTEA)7> 7llAls)ol o^c]-. 
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<20> zieiM-. 7fl^Al7l <ao1M-'^ '^l-^^'H 

^-^^t!: -B-^^>7> ^<^^ ^-2.5. nfl^oll, ^#5^ 7l]2l-Al7l 2:^<^1 ^ 

^flS-g: -B-^^]- ^ H 7l^ofl cfl^ o^^7]- ^cf. 

<21> o]c]] ^ ^^7\^^ oflyl^cfl^^Ei 7fl5)-Al7l Pfl ^ q ^Jt]. ^^o] -R-^^V* 

^, 1:^^5}- Sx] ^t^^ (activation tagging screen)^! ^zfcf ^^a] ofl7i;g-cflo] 

s^t- ^ 9X^^ ^91^0^^^ ^ ^^^^ ^^^^1-^4. 

<22> 4B}Ai, ^ ^rgo^ S.^^ Al^o^ 7fl2l-Al7l LOVl^ ^^l^^V^ ^^l^^. 

<23> ^ ^Vt^o^ Cf^ LOVl il:«Ji^^ ^J:Sl-^>^ 7MA]7l -^^^>» 

<24> ^ ^Vt^o^ Cf^ S-^^ ^1-7] Al^o^ 7m^]y] ^^^V* S^^>^ ^flS^ ^^1^*1- 

<25> ^ ^x^o^ cf^ >^7] ^Ei^ ^^Eflel^Vl- ^«^li=f. 

<26> ^ ^Vcgo^ Cf^ S.^^ ^1-7] Al-.o^ 7l]Sl-Al7l 2:^ -^^^>» <=>]-^^}'^ ^#^1^ 7H^Al7ll- 
<27> ^ «V,^o^ o. ^^o^ 7fl3^-A]7l ^^>^> ^ «^l-§-^><^ 7fl^ 
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<28> ^ ^i^o^ H ^y] LOVl lE^ ^7] ^^^-^r ^^^>^ ^11^^ ^SLS>\. ^ 

iil-^^ al]^j=t}r 4^ LOVl ^^6\] u]^]^ Ji^l- ^^J^>^ ^^1* i^^V 



^ LOVl^ ^l^tl-cl-. 

<30> ^ ^i^o^ Cf^ S-^o. ig->^^^].7l o^^>0^, ^ ^1^^ ^1-71 LOVl ^^^^^ ^JlSl-^m 

IS. a^lS^^ ^7lA-l<g^ i^^H, Vi}^^^}7\]^ 3^S. S.^]^^. SE^, 

^7l 7fl5l-Al7l -6-^^!-^ 7fl5l-^^ ^^^>S. <a:^^ AGL20-^^7}^ ^^l^V^ 

^tfls^<^>» 

<32> ^ ^Tg^ Al^o^ 7B^Al7l -H-^^>«- <^l-§-*H 7fl^A]7]l- S^^>fe 

A] 717^14 Z^?KZ -^^^>^ O.^^ 7]|S|.Al7ll- ^^^>^ 

<33> ^ ^^^^ ^1-71 A^l-^ 7fl2}-Al7l -^^;^> ^ <^l-§-*l-<^ 7fl^Al7l 
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<34> SEt!:, ^ ^7] LOVl cfH^^^ ^^^1-^ ^]{^^ 

wfl'a=t!: LOVl ^^<^1 v^l^lfe jL^fl- #^3r>^ i^^]-^ LOVl 
^^^^ ^^ofl c^^^ ^^^fe ^J-'S* ^l^tbcf. ^1-71 ^^1-^ 
LOVl ^^^^ ^^1^}^ ^^^^1 tbcf. 

<35> ol^>, ^ 

<36> ^ ^t^;^>l-^ 7fl2|-Al7l 2:^oll ^o^^>^ ^^^^ ^^-^*l-7l ^$><:^, <^fl7l^tflo11 ^A^^ 

'Jd^^ (activation tagging screen)^ 7fl5|-7> ^]'^^ M-H^ifl^ ^'S^'^l* 

^'i^V^^^. ^ ^^<^l^i ^>-§-^ K^] ^^^^ s-;^l-<^la w>o]Bi>^o:i 353 

^S2.Bl A^^o] igs] ^ol;?^ >^>Bfl6]lA-lH -B-^^>^ ^>*«>» l-^^sl-^l 

m 4^ 9X^^ <=>l-§-^H 71^ «cJ-'^<^imWeigel et al . . 

PJant Physiology, 122: 1003-1013., 2000). ^^I-tjI, S.^] 

T-DNA ^A] 7l-S(replication origin) ^ ^-^^^ ^ 

^^1-1- 7>;^lJl ZL T-DNA ^^^l^tflo!] 355 CaMV ^^>H(35S CaMV enhancer) 47|]1- 

» #^^S]-Al7lJl, 7]^ ^^ a^^^ M-E}!^^ ^^tb t^-g- 711^ DNA* S] 

^^^tb 7fl^l# #<HlAi ^o>-5-S. 7fl^7> :^l<as]^ ^^^l^ll- ^t^VJi ' lovl-lD 
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* 

<=>\^m <^H7l^cflSl- 7flS)-Al7ll- Wliil^V^Cf. n ^S^, ^7] ^<^^o]^]^ O^A^ ^ o]] B]^ 
<38> ^ ^Vtgo^ r^-^ ^ A] oil oil #5l-^nl^ Sl^ <^l-§-*H ^^1 /oKi-iZ? 1-'?^^<^1 ^Hl^i 

711^^171 2i^o\] -^^;^>» ^el^>ai, n 'g7lA-i<i^ ^^j^V^I^. -B-^ 

;<>fe ^^1 Tfl-^ H7l7> 2606bp^-$-Dl , 3797)1^ ol-Dli^A]-^ ^^s)-^}^ ORFCopen reading 
frame)* 7}^]jl $X^^ ^9l^}SX^. ^ ^^^^Vl:^ ^>7] ^ ^^^^1 -^-^^V^ ^^^j^ ^o] ^ 
cl-€- ■^^7]-si^^ A^<i S^Vtb ^ -^^^m NAC StJlloi o.^;^|^oi 

^^•ll n^^'^HPerun/a hybrida)^ NAM. CUCl ^ CUC2 ^^A^ ^^^^7ll» ^^t\, ^, 
^ ^^^^ -B-^;^!-^ NAC £^1^1 -a-^^l-^<Hl^1 ^ ^^c-l i^slol oi o.^ o^ 

^ SiSi^-. ^tl-H^-^i. ^ -^^^>^ -S.^ ^1-'=H1'?> #7l ^"g s^loi 

^el^q- 3l-^<HlA-l ^At!: NAC -^^^>^^1 

^ Af^slS^cf. olofl ^ ^"^g;^}*^ ^ ^^9] -R-^^m Z6?KZ(L0ng Vegetative phase 

1)0.5. ^^^l-^cf. atb. ^ ^^^^V*^ ^7l -B-^^>^ «g7lAl«gs.-^El Mac DNASIS 

<39> ^Vi^ol ^ ^^1<^1<H1A-1^, 
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Jovi-iD ^'d^<>]nM^] M-Hl-M-^ 7flS|-^l<=l a^^ol lOVl -^^7^9^ 

^^^>7l LOVl -B-^^>* ^^^S. *>oi i^oi ^ o>^5^ 

<^>-^5^<HlAi t^<y:^ s^HrS^Ei RNA* ^#^]-Ji -H-^;^H1 ^'^l^*?! ^^.^^ 1-^ 

^^5l5i4. M-<^>7>, ^ LOVl ^^A^ HS-SE-l ^^3i|- GUS 

(beta-glucuronidase) ^^AA ^^a: t^S^^ 2}-;^1s^)-J7 o]^ 5.^^]-^ ^^I^E-iS. ofl 

* ^oi^ ^ ^^cf. cH^^H, LOVl 7B^7> 'a<^\+ ^ ^ wfl ^1 

<4i> ^ cl-^- ^AHl<^l^i^ <^>^3^ <^ll7l^J-tnsq- lovl-lD ^^^o]^]o:^ #7] 

^voii- sAv^i-^ci-. zl ^a, lovi-m ^<^^o\^]6\]x\ §71 ^1 

<42> ^ ^'^^V*^ ^ ^^21 LOVl ^^AA A^ 7ll^Al7l 

^^^J^ SAHV^^V. lovl-lD ^'^^o]^]6\]A\ 7flS|-#^ -^^^1-<?1 AGL20^^AA 7ll^^^l ^ 

/IC"^^;^}^ ic'S 1-^ ^^^s 3^A^\'^A. ^ ^A, ^>^3^<H1 al^fl 

/oW-iZ? -l-^^ol^loijA-l -H-^^>fi] ^§0] :^:i^>ji FLC-^^A^ ^^7> ^ 
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AGL202] ^^^]^ 7flS)-» ^^l-tlAl^izf 



<43> rc}■^^-Ai, ^ i^v,^^ Ai^o^ 7fl2}-Al7l LOVl^ ^ ^^<^1 -^1-^ 

2S. £^1^1^ ^^^^^ ^^2] ^S^^^^-i: M-Bl-i^^ "^^^^ 

^. iL^ w>^3]^>7fl^ 7flSl-#^ ^^^>^ AGL20B] ^^]^><^ 7ll5l-l- ^]<^^^^] 

^ ^^Itl:^-. W}-^^s:}7ll^, ^ 14€- 7ll5|-Al7l 2:^ LOVl^ 

# ^■fl^D-^S.^B] ^#srl-7lM- SE^ LOVl "a-^^^V^ 711^^ ^^^1 ^igoll 

<44> ^ >^7l LOVl <a-^^*>^ 7ll2|-Al7l -H-^^V* 

^ ^vt^o^ ^#o^ 7flS)-Al7l LOVl ^^-^^^ ^y-^sl-^V^ 711^ DNA^q- cDNA» fi^ 
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WVI<>M. SEtt. ^ ^^'^'^Hl 7flSl-Al7l 2:^ -H-^^V^ NAC 

^€ -R-^^l- ^i^^ i^>7H ^ 7flAl^ (replication origin)* ^o] 

S.^t}jL Slfe «flEi ^ofl ^ o;icf. 7>^sr>7)l ^^^tCoperably 

linked)"€t:l-^ 2^^^ ^^>7> A^^ofl ufl -B-^^> 7>^*>7fl 

Ij-^-O^ -H-^^> ^ <^ ^ ^cf. (expression 

control sequence)"^!^ ^^jtb >^il5.<^l^i 7}^^^]] 2:^ 

e>7l ^tb 'a^^ -2.311 EflolE^ ^^sV mRNA elii^ ^^^^V^ ^ 

<46> ifl^ LOVI -R-^^Vl- £°gAl7l7l ^tl: ^E-ls.^ Ti ^^el ^£>^^(Ri) 

^e^^u]^ ^ «i.ol5li ^E-l7l- ^rf. >a-7l ^Elsl c^ls.^ o]6\] t!-^s|;^l^ ^o. 

pPZP, pGA ^ pCAMBIA :y-^ «Voluisl«lEl* >««>-g-*l-^ ^<^1 "^^^l^ 

^ ^^^2^ LOVl -^^:^}^ A-1<g* -£ogA]7l^ t-il ^^tb ^ 9X^^. ^ 

^^<^l^i^ LOVl -^^7]- ^fljE. ^s. ^ Si^ ^iB^el-^ <Hic|^ «]Ele)-:£ s. 
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cf. <^1S- Ir^a, ^-^M- 6>ziS.«l-Bl]el^ {Agrobacterium sp.) ^ ^1 

-S-tb 'a^V # ^^(particle gun bombardment), ^e]€- ^^?1(Silicon 

carbide whiskers), (sonicat ion) , '^^H^iBfl<5l'^l(electroporation)^ ^ 

PEG(Polyethylenglycol) 13"^^ ^>-g-^ ^ ^cf. rcj-Ej-A-l , ^ wvt^^ ^ ^vt^o^ «iie^^ 

<48> i^^V, ^ ^#2^ 7fl^A]7l -B-^^m '^l-S-^H ^#^1^ 7fl^Al7ll- S^^V^ 

<49> Ai^^floijA^ lovi ^^^># sfcV^v^Al^l^ wJ-'^^S^ LOVl ^^A^ 5L^^1-JL ^#^1 
/^C'Ki -H-^^m i^s->ji oX:7] ^^^^^ -R-^^m ^ 

7\7\ ^^^^^ ^i^'ltlrcf. A^l-^lifls LOVl ^^Am: S-y^}^ 

2:^* Zi^Fi s.^^ ^B^^ <>l-§-srH ^^^^ 

^§1 ^^cf. >a-7l HSS-Eio^ oilS^ olofl ^-^i4. CaMV^I 35S RNA ^ 
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19S RNA HS-S-Bl; -2.;^>ola til^i(FMV)<H]^-1 -B-^fltb H^S.^-] ^ TMVS] 

HS.2.Eil- ^ ^ o;icf. cf^><g ^l:<^m- ^^^l-^]<^l^i LOVl 

4^#^^>7l ^«flA-1^ -^til^^(ubiquitin) 5LS.aEi* A>-g-^ ^ oj^. 
<50> ^#^]oilAi lOVl ^^^^ ^'^:N]<^1 ^^1^ ^ei 7>>^1 o] 

7} S.^^t^. -R-^;^> ^^o] ^^§1 ^ 'il: ovqef ^^o] ^j:,^ 

^^1- ^i^fl, ^^sfo^ ^^^-^l^i ^>o]ti.elc ^A^6\] >,^e).oi^i o^;^]^ ^s.^ 

-£ ^1^. tflS^^ <?>El^^^ ^^>S^ 3^^]. ^^7\o^ (ribozyme), RNAi , BE^ -yrB^^^i ^ 
^ ^^1 3^^1^ o]^ ufx] DNA 3 ^^^^}^^ ^o^S.^ 

7l]Al7> <^;Hlsl£.-^ tb^-.CMaher et al . . 
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Ant i sense Res. and Dev. , 1(3):227, 1991; Helene, C. , Anticancer Drug Design, 6(6):569. 
1991). 5]-^;^}-'^^ 1 RNAl- ^o]^ o.^ ^^s:>^ i-H-t!: RNA ^^>olcf. ^:^7\ 

RNA ^ ^#ell.SLEl:B A^<1^ ^^^H ^^^<^1^-^S ^^*>£^ 2^^^ ^ 
^cfCCech, /. ^wer. Med. Assn., 260:3030, 1998). , o] wj-ig^ oll-o] 

A-]<t S.ol^ol7] nfl^ofl s.;^ A-j ^v- ^j^^^o] ^ojcf. RNAi^ ^7lAi^ 

-^^^V o^;^lAl7l^ «J-^olnf(Mette et al., EMBO J., 19: 5194-5201, 2000). '?l:E]>gii 

mRNA *a-¥-^<^l DNA RNA ^t}-^-(Weintraub. . 

262:40, 1990). >HlS ifl<^l>H. "^IrEl^^ o]d\] ^^-s}^ mRNA^l- ^>ol ti.5:]^2l-^>o^ 2 ^ 

^ ^^>» ^^Jtbcf. '?l«fl mRNAS] -gfls-ol ;^-1«l]^t:1-(Marcus-Sakura, Anal. Biochem. , 

172:289. 1988). 

1-^ 7fli|-Al7l» ^^§>C^ ^21- AJJA]-^ cjA]^ ifloll ^S^V^VT^ Z<9KZ -B-^^>* ^ 

^^^^l^^^-H 7llS)-Al7]* ^l^Al^H <^«^<J=>-J^ch^ -^£^0.^>i^ 

-B-g-t!: ^5^>^^ ^7>Al7l^Dll ^ 

. "y^wll^, s.^, ^, 'a-e^ i^^>^ ^11:^^1-^; "^1^, ^Wfl, ^51-, ^^11, A>%- 
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<55> -s}-^, ^ ^^o^ z:6>K7 -B-^;<> ^ LOVi ^«Jfl^^ ^^1^ -^^^^^"y l}-'^^ >^>-§-*><^ ^1-^ 

Si^. <^1» DNA ^, ^«Jj^ ^, #^J:^ <?!ifl^-§-, ii^ 1:* M.^ 

^-§- ^ 2-D ^ S^tb "o^'S^ A>^^ ^ o;[T:f. 

<56> ^ o. ^ ^t^o^ LOVI -R-^;^>2] ^^o]] 

* -^^^V^ ^J-'^^ ^^fl^-^S LOVI ^1-71 ^^^>^ ^^^\2l^ 

^^]S,^ wll'y=^ cf-§- LOVI -R-^>^> ^^ofl Dl^l^ ^^§> 
i^^>^ LOVI -^^xl- ^^ofl cg^to. 

^l^t!r4. LOVI -^^^> ^^ofl ^rf^ ^1-71 

#^^17171H- ^tbi^. LOVI ^«-«^ 

-H-^^> nl^l^ c^^^^ ^^c,Hl ^ $11 1-^ f-^ 

-^ufl ^^^t- ^ o;[t:|-. LOVI SEfe -R-;^^} ^^o^l <=g^^ c^ll: 

^E^^, ^sl^E^^, 3§El^ ^ -^51-^1^1 ^<^1 ^ ^i:^. 
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<59> <^A]c^] i> 

<6i> oflji^a-cfloiiA-^ -R-£^>7l a^Kactivation tagging) 

pSKI015(The Salk Institute, CA, USA^ Dr. Detlef WeigelS^t^ pj-ol^^^^A^ 
(micro pulser, Bio-Rad)* ^]'%-^ ^^1^ ^^l^^ig (electroporation).^^ o>ziS.MVEflsl-g- 
^i^flsj-Alofl^ GVSlOUAs^robacterjim tumefaciens strain GV3101)«H1 ^, ^>t:)-T3>ol a] 

(kanamycine)^!- ^Hm^^ (carbenici 1 1 in)<^l «fl^l<Hl>H pSKIOlS ^^7\ c>>zLS. 

^^Hfle]^ ^^1- ^^*>^c1-. c:>VziS.^Hflel-g- ^^s. ^ «o>^(floral dip 

method) (Clough et al . , Plant J., 16(6) : 735-743, 1998)«^1 tE)-e|- o\x^^ <^1l7l^i:fl ( 
Arabidopsis thaliana ecotype Col-0)» s^, pSKI015 ^H-j-i- ^w]-^>^ oj-n 

^Efn>olA](gentamycin)2l- <^^5i]^^(ampici 1 1 in)^! YEP tifl^l<Hl 

3£1- 5% ^^*>S^cf. ^71 -g-«2^ofl silwet L-77^ 0.05%(500/^/L)^ ^£7> 

^7\^\3L, <^l]7l^cflo^ £<y: ^J-^^^ ^J-71 -§-^011 5^ i^^i 7^ :g.o> ^^-^a]^ :f 
cf. >^7l <bil-^l^ -a-^l^lT^ ^7] ^^rfl g^H^Jl 16^1 .^.Hl^i 24Al:^ 

T^^^>5^i=f. <^fl7l^i:fl^ «^>'\§^^ lovl-lD ^<^'^o\^ 4°C<Hl^i ^ 2-3'^^ ^5)- 
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^S. iil-^^>:il ^J-'as^ (le^l^V ^/S^l^V 23°C<^l^i ^lltifl^>^i=f. ^'^<=>] 2^S] 

S-^^o] 14^ ^1^;^] w>:iiEl-(basta, ammonium glufosinate)* 2^1}: ^ 2:^^ 

pSKIOlS ^B\7} S'a^ ^^^^^11- ^'i^V^cf. ^^^^^l* 23TCS1 ^^oflA^ ^fltifl 

<62> <^Alc^l 2> 

^mS. ^Jl O] Al7lo)l ^^^5)CH l^V ^^^^ ^* 7ll^Al7lfi] ^]KS. ^ 

<65> ^2}., 
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«,! a* i2-i3=j2) ^m* n-it'fl -^«« «^^v ^* 

(Hepwcrth S. R. et al.. SffiO /. 21(16)-.4327-4337 , 2002). o)=1ft ^^y.^^^^^ 



<66> <-aAlo)l 3> 

»saH ..IM ?lB(DNeasy plant mini l^it, QIAGENE?')* ol**V°^ €«1 ^1** *si*V»"^. 
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o]^, 2yg^ 711^ DNAl- ^-^r^ <^ e-i jL:t(New England Biolabs, NEB)^ ^^e^j-o^ 

nf. T-DNAS] :^^]^ ^7lA^<i* cll A>-g-£]^ ;^1^VJl^S.^ ApM . 

^lt!:JL4iS.^ Mil, Spel ^ <^B^;?^ ^Jcf. v^sJ{-^'\ , ^^7] z^-z^-^ Tj] 

DNA<>11 ^^e^t!- ffindlim <^l-§-t!: l-e^-rf^i^l:^ S]^a1:£o]1 a-] o.^ tII^ DNA 

» >^7l DNA« ^E)tb ^ T4-DNA el7Ml(l igase)* ^ 

7H>oi 4°C<^l^i ^}y} ^^(self-ligation) ^l^cf. DNA* ^^^1?! ^ TE ^^^<H1 ^ 

i^-S- '^ll- <^l-§-^>'^ (electroporation)-^S. E. co// DH5 a ^-fliCBio-RacD^ 

^^^^Al^cf. >^i-7l E. coIj<^] lb wfl^KH^^ 1%, jLS-^#-i- 0.5%, NaCl 0.5%, pH 7.0) 

(aitipicillin)^ i^^]-^ LB Jl^l wfl^K^M LB ^7.]d\] ^^.-oyy} 1.5% (w/v)l- ^7}s-l-oc^ 

:£^^>ji 37t:<^l^i ^V^yj- ^^b wb-^j^^h ^^^S^M ^t^>^ 

^. LB wfl^loflA-l ai]<y:^v cf^ «^^5l -g-tfli^ (alkaline lysis)# oj-g-^V 

<^ DNA* ^el^>JL(Birnboim H. C. et al . , Nucleic Acids Res. . 7:1513-1523. 1979), T-DNA 
7]^o^ :^^]^o\] ^^ItV ^1-3] DNA <g7lA-l<i^ 3i1^-<inlA>(Perkin-Elmer, USA) 

^ DNA 7}^ ^7^7] ^ DNA ^;=g 7lB(Big dye terminator sequencing kit)* oj-g. 

s:>c^ ^^^^>^4. DNA^ ^7lAi<i^ ^i'i^^ H^H^CMac DNASIS program, Hitachi 

Software Engineering, America Ltd., San Bruno. CA)-^^ ^^^>J[L ^^7] ^ 7] a] <g^«.B] oj-c] 
i-AV A^^^ ^^t}<^t^. ^ -^^^>^ <g7lAi^4 ^«55L(Genbank) 
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<69> ^-^ ^3}., -H-^^m CaMV 35S ^^^i (enhancer)* ^^^V^ T-DNA^ ^Tjli^o. 

S.^Ei cfli^ 8kb "i^^ ^^'Hl 9X9i^. T-DNA^ ^^]^ <^^^7> ^ll7l^cfl 

^ <^^s]o] ^^2. ;g7j]^ ^ofl ^ aflol^ ^^sjol ^SS^l^H 9X'^^(S. 

2). -fr^^V^ ^^1 711-^ 3L7]^ 2606bp^^i^, 37971121 o>Pli:.A>^ oj-^S].^].^ 1140bp 

3.7] B\ ORFCopen reading frame)^ 7}^]Jl 9X9X^. ^ -R-^^l-^ NAC ^^91 -n- 

^^1-^^ '^^91 n^-^oKPerunia hybrida)^ NAM, CUCl % CUC2 -^^y^M ^^^;^l7> ^^-i: 
^ ^ 9XS^^(S. 3). ^, ^7l NAC ^<^1^ ¥ ^^11 ^^<^1 

NACS-Dflolo] :a-^£lc>| $l5^t:}(Duval et al . , Plant Molecular Biology, 50: 237-248, 2002). 
ol^ll ^ ^ ^^21 -B-^^>» LOVKLOng Vegetative phase V^S. ^^s^V^nf. ^ 

^^<^1 LOVl -^^A^ 7\]^ ^ cDNA^ 3 ^ a^^bJ^ lofl uj-Bj-ifl^o. 

^, LOVl o>oli^A]- x-l<i^ ^i<i»i^ 2<^1 i4E)-tfl5^cf. 

<70> <^A]<^1 4> 

<72> >^V7l ^Ajc^l 3^1]/.^ ^s^t!: -H-^^>7> CaMV 35S <?l€^i<^l S^^fl ^^^flS. /oW-iZ? #<?l^ol^l 

ofl7l;3-tfl o>a|^<:H1 u] Sfl olft:]-^^ Sl^^ll" ^<?]*>7l ^V7l ^^A"^] ^^]^ 

^ ^^^S. ic^a ^-J^^ ^^^1-^14. ^^i, 18^^ ^^^^ Brcft!: ^1l7l^cfl 

lovl-lD ^<^^o]^]s.^^ RNA* <y:<fflol^l 7]H(RNeasy plant kit, 

QIAGEN?)S. ^e^3^>^cf. # RNA lOpg* 1>M0PS ^^^(200niM MOPS. pH 7.0, 50mM 
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NaOAc, lOmM EDTA)ol 1% o>7>S.^ ^(formaldehyde agarose gel)<^l S.^ 

^\'^ EtBrCethidium bromide)^ ^^sltt ^ 20>SSC* ^l-g-^><^ i-|*^^^^(Hybond N+ 

membrane)^S. ^7] x^'U^ 7}^n 2>SSC5- >^11^*>J1 q-<^#^-ofl 

^7^^ RNAl- ImM EDTA. 0.5M <?l^i4H#( sodium phosphate), ix^^l-S-H -g-^ (Denhardt ' s 
solution), 1% BSA ^ 7% SDS^ ^^^}'^^. WVl -H-^^Hl ^^l^^ S.^]^ 

65t;<^lAi *>^«i- ^^^5i-^>^cf. ^^^^71- ^^S)^, M-'a^ 65°C^]^^ 2>SSC^ 0.1% 

SDSS ^fl3^s:>ji 0.2>SSC^ 0.1% SDSS. -i-^^ ^£<^1'^^ ^Si ^ ^ 

el-'a-a-^-^^V >«>l^^(Prime-a-gene system, Promega):^ [a-32p]dATP# ^l^t!: -t-^^ ^^1-^1 
^ S.^l^cJ-'^ (random primer label 1 ing)<^l ^«fl ^flSs^V^c]-. 
<73> ^4, o]:^^^ <^fl7l^cflofl ulsj] Jovl-JD ^^^<=>]^]^]^^ LOVl ■^^:^}^ ^^7} Dfl 

4- ^^1^ ^ $i^i=f(£ 4). 

<74> <^A]C^1 5> 

<75> oflyl^ctioflA-^ ^OKi -^?-^^]-^ ^Al- 

<76> A5^Al7]^ -^ll^l^VcH <^>^J^<HlAi Cf<y:^V 2:3l-i.^«-Ei RNA» ^#*>J1 
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^ SA>fr]-^cf. oB7UVcfl o]:^5^oilAi ^^(floral buds), ^(flowers), ^J"^ (siliques), ^ 
*^(cauline leaves), S.^S2(rosette leaves) ^ (roots) ^7] ^^Hl 4^4 

RNA# ^el^ RNA» <^l-g-*H ^^71 ^Ajc^l 4i4 ■^'a^ 

<77> SEt!:. i^CKZ HS2-E^i4 (^^abeta-glucuronidase) -^^;^>7> -g-"^^ ^Sl-S. <^ll7l^i:fl 

7]]^ DNA» ^^-^S ^^«oHl^ H5l-o]T3l(A^<goi^ 4)^ Hel-olp](^-l<gHi^ 5)^ PCR 

^^^o.^^ lOVl -^^7^^ ;=^1^^ ^^^l-o^c^., PCR GeneAMP PCR ^l^i 

^ 9700^ n-§-^V<^ 94°C<^l^i 1^, 60°C<^l^i 1^, 72r<^l^i 2^:^^^ 355| ^^srV^cf. 



<78> LOVl ^«o>^ ^Sl-<iH(>H^^^ 4) 

<79> 5'-AATAGATCTGGTACGCGACATCCATATTGAAA-3' 

<8o> LOVl ^«o>^ 5) 

<8i> 5 ' -AATAGATCTCATGGGAATGATGCTTGTTGTG-3 ' 



<82> i^Qyj ^^^^ pGEM?-T Easy (Pr omega )<^1 WS.^^}'^^. <^]M: BglUS. 

^^^\ZL ZL GUS-nos -H-^:=^>* i^*>^ pBluescript ^B^o)! <?!^^>5i^. LOVl 

El::GUS-nos pBluescript ^E.-l<^l^i «}*^mel ^B]*a pCAMBIA3200^S. 
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^i«.#^^^>St^(-£ 5). ^7] hHHb^ ^^^S. ^a1<^1 isf -g-^atl: "cJ"'^*^! ^^^«rtl- 

(5-bromo-4-chloro-3-incioly glucuronide, X-Gluc)* ^}-%-^ GUS ^«fl 

SA>^>^cf. GUS ^^1^ ^J-'g^ ^^^><^ ^13*>5I^^ (Jefferson 

R. A. et al., EMBO J. . 6:3901-3907, 1987). ^ ^^^^l^-^-^^-l ^ 2:^1 ^mi- GUS 

^-5- -S-^dmM X-Gluc, 50mM pH 7.0, 0.1% X-100)<^1 12^]^ i^7> ^ 

:f ^l^^S ^^^^l-o^rf. ^xq^ rc)^ X\s.9 ^}o]3.S.^iLecia)^S. ^^t}jL Nikon SMZ lOA 
«fl^^°l^ (Nikon Co., Tokyo)^ >^>-g-sr>o^ ^^^V^cf. 

^]^^S. ^%^3X^. ^7] #7lS] ^3]^ FAA-Jl^^ -S-*-!j(50% <^1^^, 5% o> 

^ 3.7% 3iL#^c)l-3rl:^)oll ^"^^1^]^ cf^ ^a-tfloflA-^ is^^V «J-^l^>^c:|-. Jl^^ 2: 

Ei:^^ ^iTl^l-ji ;^><a^(xylene)^^ S^]^ 3^ -^^ s|- 

5^-l-s1-^H(paraplast)S ^ ^ ^^1-71 Si^^ ^}'^]3.S.^{Leica)4r ^l-§-^><^ 8/fln ^^S-^S 

^^^>^tq-. ^711 #e|-^(sigma)^<^l ^S}-a17]ji ^efo]^ ^^u^ 

(slide warmer, Fisher)<^l^i 45t:^ ^}^^ ^91 ¥'^}^9X^. ^^o] ^JL^ ^^o]^ 
#e^-^» ^><a^oilAi 30^ -^oV ^7> ^o] 7^1171 tb ^fl^^D]^ ^^^V^cf. 



52-28 




1020030010772 ^^ 'U^}: 2004/2/19 

<84> oi]7l^j-cfl o>A^^o^ 2^ o.^^B] RNA» ^}-%-^}<^ b=.^ 1-^ 

Ai ^^^}JL ox^o] ^%^SX^(Si 6). 
<85> lOVI ^S.S.B\^ GUS -g-^ ^Sl-S •^'fl^l^J-cfloilAi GUS S^joflA-l 

^5]^ ^o.s M-^ldcf. UBiq-, ^^§1 gl<^lAi^ GUS^^^^] M-E^^l ^^1=1-. ^ 

#7151 s^jij. ol^ ^1^^ p]^^] ^^<^1, 2:^ 

M-Bl-l5d:4(7a) . SEt!:, Sl-Ai^<as^ (inflorescence meistem)5zf ^^S^^lS^l 

(axillary merist em)*^!^!^. u|-El-^cf(£. 7b). ^^S^B] 1(9^7 -B-^^V^ 

till ^'dr^ls M-B}-i4tH(:£ 7b), 7^7} ^ ^, ^ 20-2i<^^11 ^<^l£ 

^ 7c). 
<86> o]si\. -^^;^>^ 3i}l^^ m^d?-B-^^>2] Jtfl^sl- -B-AVtl: ^ojcl-. ols^E-l 

/;(?KZ ^^A7\ 4€- 7flS|-Al7l ^^7\9\. ^s. ^^A^o] o;^^ ^ o.^ 

<87> <^X\c^] 6> 

<88> <:>fl7]^^cti o>Aj^all- lovl-lD W<^^o]%^d\\^^ #7] c^- oj gfl-^tj-:^ r^-p^ tilja 
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<89> o]]7l<g-cfl o>A^^3|- lovl-lD ^<^^o]^]o] ^y] w.^ <^2] ^^^^ ^}o]mr 

s^H>7i g^^ii #7] ^j-7i ^^ic^] -^<^^v ^oi-i^o.^ 

Nikon SMZ lOA (Nikon Co., Tokyo)-^S ^^^1-^4. 

<90> ^oz)., /oKi-iZ? 1-'?1^<^1^]S^ #7] ^cj- szio] ^^]^ ^^o] o>A3^oii ^.t:-] ^ 

JL ^ ^o.^ :a^t:f. <^1^ lovl-lD ^'^^o]^]c^ ^7] §^ ^S. 3.7)7} o>>.^^ 

'^l ^7^7] nfl^ols^. A>^E)oj^cf(S 8). Al7l5l <:>>^5^3)- l-^^o]^] 

^ SI ^^tb M.o]:^] ^^0.14^ q-^ofl A^A^^ l-<?^^ol^lo^ 01 cj.^^ 

^4 o]:A^^o]i wi^fl 4^0^ a7l5q- ^71- ^7}^3X^o] 9). «-<^^ol^l 

<^]^^ LOVl ^^A^ ^^71 nfl^olE} A\^^<^x\, olBltb /:C>ri -B-^^>^ sfl^ 

O.^ -1: Xlfl, ^%%^7\ 7fl^S- ^^*>^ ^'?> i:CKZ ^^A7\ #7] ^1 ^ 

Atb 7l^^ ^-^S. ^^^^ ^ ^Sicf. ^^1. LOVl ^^A^ 01^ s. 

<91> <^Al<^l 7> 

<93> ^ ^'^oIlAi ^E^^ liJKZ •^^>^>7l- ^#2^ 7fl^Al7l AGL20 ^ 

^D^, Fi:c-^^;^H1 ^^11 "^^l^cfji ""^AA /ic -^^^>^ mads-^^^ 7fls|-Ai7i ^ 
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AGL20^ ^S.S.^<^] ^^^><^ AGL20^ 7l]Sl- ^j-^^ "^^^l^^VS ^3^;?^ 

^cfCHepworth S. R. et al., EMBO J. 21(6) : 4327-4337, 2002; Michael S. D. et al . , , 
11:949-956, 1999). ^ ^^:=^>-i-^ lovl-lD ^<^^o]^]d\]A^ /^gL20 -^r^A^ PLC ^^A^ ^ 

/^iCC -B-^^XMichaels and Amasino, Plant Cell, 11: 949-956, 1999)sf AGL20 
(Lee et al . , 6e/2es and Development 14: 2366-2376, 2000)^ >«>i^S-^Bl ■^'='1^^ ^ 

<94> /IC ^jHj-^t Hsl-olD](A^<g^j: 6) 
<95> 5'-CCCGTTAACrrGAACCCAAACCTGA(X}A-3' 
<96> FLC ^«o>^ ^&|-olr»](>^-l<g«j^ 7) 

<97> 5'-ccactagtc(x:ccttatca(x:gga-3' 



<98> ^fZ^^? He)-<:'l^(Ai1^J: 8) 

<99> 5'-CCCGTTAACATGGTGAGGGGCAAAACT-3' 

<ioo> AGL20 S2l-oH(A^<taJ^ 9) 

<ioi> 5'-CCCGTTAACTCACTrrcTTGAAGAACAAGG-3' 
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^oflAl 7flSh7V ^]^^ ttfl /OKi-iZ? ^^^1 ^^^]7] nfl^oll, '^>^S^'^l^i 

<103> yoW-iZ? l-^^oj^lo^ ;go. o>a5^cH1 tiltfl ^^ol :^^§>^o.q. 

nl- ^^^ol ^fiL^^^o^ ^v^^ ^#^1^1 7ll2|-l- :^l^Al^x:f^ ^ ojo^cf(£ 10). 

^ ^'LHl #7] ^^o\]A^ ^Att 7l^^ 7fl5l-l- ^i^jsr]-^ 

^H^^H'S-'^l^H 7M#^ -^^^>«y AGL2(m: ^V^S^Cdownregulation)^^ 9X9X^( 

£ 11). 

<105> ^ LOVl ^ ^7l -^^;^>s-^Bl ^^S)^ LOVl 7fl^ 

A]:*>7li4 ^1-^1^ 7flSl-Al7l» '^'a^^S^^ -^£f-o.s.>«| Ai#^l^^ 
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i^i^^^ 11 

Ai^tti^ 2^ a^lSl^ ^^S] 7fl^A]7l Cj-tifl^ LOVl. 

i^^^^ 2] 
LOVl. 

^ll%>^ LOVl ^l-s^ 7flSl-Al7l -^^;^>. 

4] 

m^^^] 9X^^^, ^i^^j^ IS S^lsl^ '^71^1^^ i^^m ^€-5] 7il5|-Ai7l -H-^;^>. 

[^j^lJ- 5] 

^l3*J-oil ^i^^^ 3-^s. Jt^isi^ ^i-o^ 7flsi-Ai7l -H-^^V zc>Fi. 
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l^i^^J- 6] 

SX'^M, ym^-^ -^^^>^ AGL20 ^^A^ ^^1^^ ^^S-S. ^1-^ 7ll2|-Al7l 

7] 

^l3%Vo^ Ai-o^ 7fli^Al7l ^^;^>» i^^m ^flS^ ^Bi. 
[^^*^ 8] 

^l3*J-5^ -B-^;^># ol-g-^l-c^ 7flS|-Al7l# S^*>^ 
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m-^^^ ^«1^ ;^l3^J-s^ -^^^m ol-§-€rH 711 sj- A] 71 -H-^^> 

14] 
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3] 



MAH < ID MB N-«'QHFDCSDSW-LPPGFRFHP 

CaCl < 1) MDVDVPNg-MCRPEiFBDBSLMPPGPEiFHP 

CCJC2 < l) raDIPWH-TOHOC — DSQVLPPCFEIFHP 



LOVl 

COCl 
CUCZ 



< 60) TBBBLIBPVLRElKVBGKRFNVBLITFLDLTOTOPWBLPAIlAAIGBKBWYPyVPEiDRK.SrRM 

< 23) TDBBLITV'VLLKKVLDSNPTGRAIABVDLNKCBPMBLPBKAKMGBKBOTFPSLRORK.SrPT 

< 29) TDBBLITSrVLLKKVLDSHPSCAAISQVDLmCSBPKBLPBKAKMGBKBHyPFTLRDRECVPT 
( 26) TDBBLITHVLLRK7LDGCFSSRAIABVDLNKCBPIfQLPGRA(CHGBECBI^PFSLR0RKVrPT 



tiOVl < 120) GDRPWRVTTSGVWEtATGADRHI-RSBTSRPIGLKKTLVPySGKAPKGTRTSWIMWBVRL- 

NAH ( 83) GLRTtrRATBAGmK.ATGKDRBI<l^SSKTSAL7GMKK.TL^rP^^RGRAPKGBK^I^VMHB^n^^ 

CUCl < 89) GLRTt7RATBAGVWCCATGK0RBIKSSKmSLLGMKKTL7PSrKGRAPKGBECSCI>r^^MHBVRLD 

CaC2 < 86) GLRTWRATBAGWK.ATGKDRBIPSSKTCALVGMKKTLVFV'KGRAPEeGBKSNWVMHByRLB 
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[S. 10] 

n0m iovi-i 




lovi 



■3 



111 



1 

GLk 



AGL20 



LOVl 



<110> Seoul 'National University in Korea <120> Gene controlling flowering time 



of plants and method for 



manipulating flowering time of plant using the same 



<160> 9 <170> Kopatentin 1.71 <210> 1 <211> 1140 <212> DNA <213> 
Arabidopsis thaliana <220> <221> CDS <222> (1)..(1137) <223> cDNA of LOVl 
gene <400> 1 atg gca att gta tec tec aca aca age ate att ecc atg agt aac eaa 
48 Met Ala He Val Ser Ser Thr Thr Ser He He Pro Met Ser Asn Gin 1 



10 



gac aat gat cat aga ggc ggc 



15 



gtc aac aat aac gaa aaa ggt at a gaa 



96 Val Asn Asn Asn Glu Lys Gly He Glu Asp Asn 
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Asp His Arg Gly Gly 20 25 30 

caa gag agt cat gtc caa aat gaa gat gaa get gat gat cat gat cat 144 Gin Glu 

Ser His Val Gin Asn Glu Asp Glu Ala Asp Asp His Asp His 35 

40 45 gac atg gtc atg ccc gga ttt aga ttc cat cct acc 

gaa gaa gaa etc 192 Asp Met Val Met Pro Gly Phe Arg Phe His Pro Thr Glu Glu 

Glu Leu 50 55 60 at a gag 

ttt tac ctt cgc cga aaa gtt gaa ggc aaa cgc ttt aat gta 240 He Glu Phe Tyr 

Leu Arg Arg Lys Val Glu Gly Lys Arg Phe Asn Val 65 70 

75 80 gaa etc ate act ttc etc gat ctt tat cgc tat gat cct tgg gaa 

ctt 288 Glu Leu He Thr Phe Leu Asp Leu Tyr Arg Tyr Asp Pro Trp Glu Leu 

85 90 95 cct get atg geg gcg ata gga gag aaa 

gag tgg tac ttc tat gtg cea 336 Pro Ala Met Ala Ala He Gly Glu Lys Glu Trp 

Tyr Phe Tyr Val Pro 100 105 110 

aga gat egg aaa tat aga aat gga gat aga ceg aac cga gta aeg act 384 Arg Asp 

Arg Lys Tyr Arg Asn Gly Asp Arg Pro Asn Arg Val Thr Thr 115 

120 125 tea gga tat tgg aaa gee acc gga get gat agg atf 

ate aga teg gag 432 Ser Gly Tyr Trp Lys Ala Thr Gly Ala Asp Arg Met He Arg 

Ser Glu 130 135 140 act tct 

egg cct ate gga tta aag aaa ace eta gtt ttc tac tct ggt 480 Thr Ser Arg Pro 

He Gly Leu Lys Lys Thr Leu Val Phe Tyr Ser Gly 145 150 

155 160 aaa gee cct aaa ggc act egt act agt tgg ate atg aac gag tat 
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cgt 528 Lys Ala Pro Lys Gly Thr Arg Thr Ser Trp He Met Asn Glu Tyr Arg 

165 170 175 ctt ccg cac cat gaa acc gag aag tac 

caa aag get gaa ata tea ttg 576 Leu Pro His His Glu Thr Glu Lys Tyr Gin Lys 

Ala Glu He Ser Leu 180 185 190 

tgc cga gtg tac aaa agg cca gga gta gaa gat cat cca teg gta eca 624 Cys Arg 

Val Tyr Lys Arg Pro Gly Val Glu Asp His Pro Ser Val Pro 195 

200 205 cgt tct etc tee aca aga eat eat aae cat aae ta 

teg aca tea tec 672 Arg Ser Leu Ser Thr Arg His His Asn His Asn Ser Ser Thr 

Ser Ser 210 215 220 egt tta 

gee tta aga eaa caa caa cac eat tea tec tee tct aat cat 720 Arg Leu Ala Leu 

Arg Gin Gin Gin His His Ser Ser Ser Ser Asn His 225 230 

235 240 tee gae aae aae ctt aae aae aac aac aae ate aae aat etc gaj 

aag 768 Ser Asp Asn Asn Leu Asn Asn Asn Asn Asn He Asn Asn Leu Glu Lys 

245 250 255 etc tec ace gaa tat tec gge gae gg( 

age aca aca aca acg acc aca 816 Leu Ser Thr Glu Tyr Ser Gly Asp Gly Ser Thr 

Thr Thr Thr Thr Thr 260 265 270 

aae agt aac tct gae gtt acc att get eta gee aat caa aac ata tat 864 Asn Ser 

Asn Ser Asp Val Thr He Ala Leu Ala Asn Gin Asn He Tyr 275 

280 285 cgt cca atg cet tac gae aca age aac aac aca ttf 

ata gte tct acg 912 Arg Pro Met Pro Tyr Asp Thr Ser Asn Asn Thr Leu He Val 

Ser Thr 290 295 300 aga aat 
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cat caa gac gat gat gaa act gcc att gtt gac gat ctt caa 960 Arg Asn His Gin 

Asp Asp Asp Glu Thr Ala He Val Asp Asp Leu Gin 305 310 

315 320 aga eta gtt aac tac caa at a tea gat gga geg aca acg eta atj 

cet 1008 Arg Leu Val Asn Tyr Gin He Ser Asp Gly Ala Thr Thr Leu Met Pro 

325 330 335 caa act caa gcg gcg tta get atg aac 

atg att cet gea gga acg att 1056 Gin Thr Gin Ala Ala Leu Ala Met Asn Met lie 

Pro Ala Gly Thr He 340 345 350 

cca aac aat get ttg tgg gat atg tgg aat cea at a gta cea gat gga 1104 Pro Asn 

Asn Ala Leu Trp Asp Met Trp Asn Pro He Val Pro Asp Gly 355 

360 365 aac aga gat cac tat act aat att cet ttt aag 

taa 1140 Asn Arg Asp His Tyr Thr Asn He Pro Phe Lys 

370 375 <210> 2 <211> 379 < 

212> PRT <213> Arabidopsis thaliana <400> 2 Met Ala He Val Ser Ser Thr Thr Ser 

He He Pro Met Ser Asn Gin 15 10 

15 Val Asn Asn Asn Glu Lys Gly He Glu Asp Asn Asp His Arg Gly Gly 20 

25 30 Gin Glu Ser His Val Gin Asn Glu Asp Glu Ala Asp Asp His Asp 

His 35 40 45 Asp Met Val Met Pro Gly Phe 

Arg Phe His Pro Thr Glu Glu Glu Leu 50 55 60 

He Glu Phe Tyr Leu Arg Arg Lys Val Glu Gly Lys Arg Phe Asn Val 65 

70 75 80 Glu Leu He Thr Phe Leu Asp Leu Tyr Arg 

Tyr Asp Pro Trp Glu Leu 85 90 95 

52-48 



:4 



1020030010772 



■^ 2004/2/19 



Pro Ala Met Ala Ala He Gly Glu Lys Glu Trp Tyr Phe Tyr Val Pro 



100 



105 



Thr 



110 Arg Asp Arg Lys Tyr Arg Asn Gly Asp Arg Pro Asn Arg Val Thr 



115 



120 



125 Ser Gly Tyr Trp Lys Ala Thr 



Gly Ala Asp Arg Met lie Arg Ser Glu 



130 



135 



140 



Thr Ser Arg Pro He Gly Leu Lys Lys Thr Leu Val Phe Tyr Ser Gly 145 



150 



155 



160 Lys Ala Pro Lys Gly Thr Arg Thr Ser Trp 



He Met Asn Glu Tyr Arg 



165 



170 



175 



Leu Pro His His Glu Thr Glu Lys Tyr Gin Lys Ala Glu He Ser Leu 



180 



185 



Pro 



190 Cys Arg Val Tyr Lys Arg Pro Gly Val Glu Asp His Pro Ser Val 



195 



200 



205 Arg Ser Leu Ser Thr Arg His 



His Asn His Asn Ser Ser Thr Ser Ser 



210 



215 



220 



Arg Leu Ala Leu Arg Gin Gin Gin His His Ser Ser Ser Ser Asn His 225 



230 



235 



240 Ser Asp Asn Asn Leu Asn Asn Asn Asn Asn 



He Asn Asn Leu Glu Lys 



245 



250 



255 



Leu Ser Thr Glu Tyr Ser Gly Asp Gly Ser Thr Thr Thr Thr Thr Thr 



260 



265 



Tyr 



270 Asn Ser Asn Ser Asp Val Thr He Ala Leu Ala Asn Gin Asn He 



275 



280 



285 Arg Pro Met Pro Tyr Asp Thr 



Ser Asn Asn Thr Leu He Val Ser Thr 



290 



295 



300 



Arg Asn His Gin Asp Asp Asp Glu Thr Ala He Val Asp Asp Leu Gin 305 



310 



315 



320 Arg Leu Val Asn Tyr Gin He Ser Asp Gly 



Ala Thr Thr Leu Met Pro 



325 



330 



335 
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Gin Thr Gin Ala Ala Leu Ala Met Asn Met He Pro Ala Gly Thr He 



340 



345 



350 Pro Asn Asn Ala Leu Trp Asp Met Trp Asn Pro He Val Pro Asp 



Gly 



355 



360 



365 Asn Arg Asp His Tyr Thr Asn 



He Pro Phe Lys 



370 



375 



<210> 3 <211> 2606 



<212> DNA <213> Arabidopsis thaliana <220> <221> gene <222> (1)..(2606) 
<223> genomic DNA of LOVl gene <400> 3 atggcaattg tatcctccac aacaagcatc 



attcccatga gtaaccaagt caacaataac 



60 gaaaaaggta tagaagacaa tgatcataga 



ggcggccaag agagtcatgt ccaaaatgaa 



120 gatgaagctg atgatcatga tcatgacatg 



gtcatgcccg gatttagatt ccatcctacc 



180 gaagaagaac tcatagagtt ttaccttcgc 



cgaaaagttg aaggcaaacg ctttaatgta 



240 gaactcatca ctttcctcga tctttatcgc 



tatgatcctt gggaacttcc tggtaaatat 



300 acattcacat aaacacacat aaatcatctc 



aaactatttg gaaatcttaa tttctattca 



360 tatgttaaga tctttcttct ctcttatcac 



tttctctctc tatttctttt tttttaacct 



420 atatatgtac ctacctcctt atgaagtatt 



actatgtcga tcgttaacaa ttctcaatat 



480 ctttaaacgc ttctccctct ttagtttctt 



tcttaaatta acctaattaa acaacctaca 



540 tatatatcat aagatataca aatatgtgta 



tgttttcata attagcttat gtatgtttaa 



600 tcatagatat atgtatatgc agctatggcg 



gcgataggag agaaagagtg gtacttctat 



660 gtgccaagag atcggaaata tagaaatgga 



gatagaccga accgagtaac gacttcagga 



720 tattggaaag ccaccggagc tgataggatg 



atcagatcgg agacttctcg gcctatcgga 



780 ttaaagaaaa ccctagtttt ctactctggt 



aaagccccta aaggcactcg tactagttgg 



840 atcatgaacg agtatcgtct tccgcaccat 



gaaaccgaga agtaccaaaa ggtataaatt 



900 ctactataac tctatatata tcctattcat 
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acatacatag atataaccct agctaggtgg 
gacagtttga attttttctt ttttgactag 
taagatcaaa aatacttgtg aatggactaa 
aaaaatgttc atgtcatatg cgtgaactct 
agtagaatac attaatagat agatgcatac 
cgacattcat ataccttaat tctgcagaga 
tgaatgttcc tgctcttcct cacattaatt 
tttgaaataa tttggcatat atgaattata 
ctatacgaat gataacggtt tatggagtag 
acaatggata gataaataca ttttttgggc 
aaccataaat ttataaaatt ttctatgtat 
agctaaaaca acagggttga cataattatc 
taataaaact aaaattacgc aattaaatat 
tatatttgca ttgttacgtc atatgatagt 
tttttgctaa tgctaacttt acatagtttg 
aaatgatatt tttcatagat attgttagtc 
tctctaatca atgtgctcat gtataattat 
aaaggccagg agtagaagat catccatcgg 
accataactc atcgacatca tcccgtttag 
cctctaatca ttccgacaac aaccttaaca 
tctccaccga atattccggc gacggcagca 



^^ ^;^>: 2004/2/19 

960 tgaggccttt aaaattgaaa ttaatcccta 
1020 ttttatttat ttattttgga attgattcga 
1080 atgtcaggcg gcgtttgcgc ttaaatccag 
1140 ttaaattgct agacatggcc catatgttat 
1200 acatatatat aaacacacaa gtatcacact 
1260 catagttagt ttttcttaca atttatgaca 
1320 catgtcttct atttaagtta cccaacattt 
1380 ccaacatatt tatatgcgaa catttaaaat 
1440 accgaaaaaa tattatgtat acggaaaatg 
1500 tctttcgact tatatgtcgt caccatttga 
1560 atatatgata ttatgatgta tgcataagac 
1620 tatgtgtatg tattgcacat tcacttgtac 
1680 ataaaaaata ataaatataa tcatcttaat 
1740 actctaaatt tcttctaaac gtgctatctt 
1800 tgaatcttct ttcaaaacca tatcttcgat 
1860 tatatttgat aatttgatat atgtatcaag 
1920 aggctgaaat atcattgtgc cgagtgtaca 
1980 taccacgttc tctctccaca agacatcata 
2040 ccttaagaca acaacaacac cattcatcct 
2100 acaacaacaa catcaacaat ctcgagaagc 
2160 caacaacaac gaccacaaac agtaactctg 
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acgttaccat tgctctagcc aatcaaaaca 



2220 tatatcgtcc aatgccttac gacacaagca 



acaacacatt gatagtctct acgagaaatc 



2280 atcaagacga tgatgaaact gccattgttg 



acgatcttca aagactagtt aactaccaaa 



2340 tatcagatgg aggtaacatc aatcaccaat 



actttcaaat tgctcaacag tttcatcata 



2400 ctcaacaaca aaatgctaac gcaaacgcat 



tacaattggt ggctgcggcg actacagcga 



2460 caacgctaat gcctcaaact caagcggcgt 



tagctatgaa catgattcct gcaggaacga 



2520 ttccaaacaa tgctttgtgg gatatgtgga 



atccaatagt accagatgga aacagagatc 



2580 actatactaa tattcctttt aagtaa 



2606 <210> 4 <211> 32 <212> DNA <213> Artificial Sequence <220> <223> 

Sense primer of LOVl <400> 4 aatagatctg gtacgcgaca tccatattga aa 

32 <210> 5 <211> 31 <212> DNA <213> Artificial Sequence <220> <223> 

Ant i sense primer of LOVl <400> 5 aatagatctc atgggaatga tgcttgttgt g 

31 <210> 6 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> 

Sense primer of FLC <400> 6 cccgttaact gaacccaaac ctgagga 

27 <210> 7 <211> 24 <212> DNA <213> Artificial Sequence <220> <223> 
Ant i sense primer of FLC <400> 7 ccactagtcg cccttatcag cgga 

24 <210> 8 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> 

Sense primer of AGL20 <400> 8 cccgttaaca tggtgagggg caaaact 

27 <210> 9 <211> 30 <212> DNA <213> Artificial Sequence <220> <223> 

Ant i sense primer of AGL20 <400> 9 cccgttaact cactttcttg aagaacaagg 

30 
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